Vegetative production techniques, of which cutting method widely used in propagation of ornamental plants, have a crucial role for conserving the plant genetic sources. On rooting development of stem cuttings, cutting position, rooting medium and rooting hormone are some of the critical factors that affect the success. The primary objective of this study is to determine the best hormone doses and ideal rooting medium on Ficus benjamina L. stem cuttings. Conventionally, the most frequently vegetative propagation method is the rooting of the stem cuttings in various media such as, pearlite, peat, sand, through exposure to high-concentration rooting hormones (IBA, IAA, NAA, etc.). But, this conventional technique requires wide areas in the rooting stage of mass production, prevents monitoring the course of rooting, and necessitates large amount of materials used as hormones and rooting media. In this study, a new method that may be preferable in mass production of plants was tested. 39 different treatments were carried out, and their results were evaluated. Sand, and perlite were used as solid rooting media. Stem cuttings were kept in low-concentration hormones permanently after cutting (liquid medium). In this way, their rooting capability were examined. Rooting trials were conducted before stem cuttings were taken to solid rooting media. As conclusions, the highest rooting ratio were obtained for 10 ppm of NAA (94.43%) and 100 ppm of IBA (93.9%) in liquid media. Moreover, the highest root length and the average root length were quite low in liquid media.
EFFECT OF ROOTING HORMONES ON THE ROOTING CAPABILITY OF Ficus benjamina L. CUTTINGS
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Summary
Vegetative production techniques, of which cutting method widely used in propagation of ornamental plants, have a crucial role for conserving the plant genetic sources. On rooting development of stem cuttings, cutting position, rooting medium and rooting hormone are some of the critical factors that affect the success. The primary objective of this study is to determine the best hormone doses and ideal rooting medium on Ficus benjamina L. stem cuttings. Conventionally, the most frequently vegetative propagation method is the rooting of the stem cuttings in various media such as, pearlite, peat, sand, through exposure to high-concentration rooting hormones (IBA, IAA, NAA, etc.) . But, this conventional technique requires wide areas in the rooting stage of mass production, prevents monitoring the course of rooting, and necessitates large amount of materials used as hormones and rooting media. In this study, a new method that may be preferable in mass production of plants was tested. 39 different treatments were carried out, and their results were evaluated. Sand, and perlite were used as solid rooting media. Stem cuttings were kept in low-concentration hormones permanently after cutting (liquid medium). In this way, their rooting capability were examined. Rooting trials were conducted before stem cuttings were taken to solid rooting media. As conclusions, the highest rooting ratio were obtained for 10 ppm of NAA (94.43%) and 100 ppm of IBA (93.9%) in liquid media. Moreover, the highest root length and the average root length were quite low in liquid media.
INTRODUCTION UVOD
Millions of plants are vegetatively produced every year to be used in different fields. If the genetic structure of an individual is intended to be conserved, its production is based on cutting. In this way, the genetic structure of rootstock is conserved exactly. Millions of plants are produced by use of this method every year to be used in various fields such as landscaping, forestry, and agriculture.
Since auxin had been begin to use as plant growth regulators, lots of researches have been conducted and lots of methods have been developed and applied on various plant species. Although these researches conducted, auxin application-related researches are needed to grow more quality and productive plants (Chhun et al., 2003) .
Rooting of cutting varies from species to species. Various pre-treatments are carried out in order to facilitate the rooting of cutting and increase success. Hormone applications are one of the most common pre-treatments. Research evidence suggests that auxins play a central role in the determination of rooting capacity, by enabling the faster production of rooted cutting material which is essential for vegetative propagation (Fogaça and Fett-Neto, 2005) . Auxins are known to increase rooting percentage and rooting time together with uniformity of rooting (Hartmann et al., 2002) .
In these applications, the cross section of a plant is exposed to the rooting hormones prepared in high concentrations for a short time. Then cuttings are taken to such rooting media as peat, sand, and pearlite, and root formation is waited. The cuttings taken to rooting media cover extensive areas. So, the rooting media cannot be used for other purposes until this application, which is usually carried out in greenhouses, ends.
The rooting period of plants following the hormone application varies from species to species. It may take from a couple of weeks to twelve weeks or longer (Zencirkıran, 2013) . The plant's root development cannot be monitored visually in this period. Rooting percentages may be too low after the applications that take many months. That causes big losses of labor and very high costs.
This study aims to conduct production through cuttings by use of a different method. To this end, contrary to classic applications, cuttings were not exposed to short-time high hormone doses, but they were kept in low-concentration hormones permanently. To compare the research results with the results of conventional applications, common rooting methods were also employed.
MATERIALS AND METHODS

MATERIJALI I METODE
In this study, species Ficus benjamina L. cuttings, which were in a height of 8 to 10 cm and prepared from last-year shoots, were used. In the cutting preparation, to keep two buds on each cutting was ensured. The cuttings were kept in pure water to dry and were used in rooting trials in less than 24 hours.
Two different rooting methods were tried in this study. In the first one, the concentrations of IAA, IBA, GA 3 , and NAA hormones were prepared in doses of 100, 50 and 10 ppm. Cardboard cups having a volume of nearly 150 mm were filled with these hormones up to half. Then 20 of prepared cuttings were put in each of these media. After putting the cuttings, the hormone level in the cup was marked. In case of any decrease of hormone level in the cup as to daily check, such cups were completed with pure water. By this means, it was tried to prevent any change in hormone concentration that might occur as a result of surface evaporation. The concentrations of IAA, IBA, GA 3 , and NAA hormones prepared in the doses of 100, 50 and 10 ppm were kept in a +4 °C refrigerator in the study period. The cups and the hormones inside them were changed once every five days. In this stage of the study, 12 applications were carried out (3 doses from each hormone). Also, a control group was used. The rooting of cuttings in pure water was monitored in the control group.
Rooting trials were conducted also in solid rooting media in order to compare the results of the applications focused on in the study with those of classic applications. 1000, 3000 and 5000 ppm concentrations of IAA, IBA, GA 3 , and NAA hormones were tried. The cross sections of the prepared cuttings were made to contact with these hormones for 4 to 5 seconds, and the cuttings were planted in rooting media. Sand, peat, and perlite were used as rooting media. The rooting media were irrigated once every three days, thereby keeping the media humid continuously. In this way, the cuttings exposed to 13 applications (3 doses from each one of 4 hormones and one control group application) were taken to 3 different rooting media. Thus, 39 different application results were compared.
The cuttings subjected to 13 different applications in liquid rooting media and 39 different applications in solid rooting media were kept in rooting media for 45 days. At the end of this period, measurements were carried out on cuttings to determine rooting percentage (%) (RP), the number of roots (RN), the biggest root length value (mm) (RB), the average root length value (mm) (RA) and the average root thickness value (mm) (RT).
All data were analyzed using SPSS for Windows. Firstly, a one-way analysis of variance (ANOVA) was performed on the data. Then Duncan's test was set at the 0.05 confidence level to separate treatment means.
RESULTS
REZULTATI
Different doses of hormones may have different effects on traits. Thus, more reliable results may be obtained if evaluation is made by regarding each dose of each hormone as a separate treatment, that is, a separate treatment. The applications were effective in terms of all the characters (P<0.05). There was no rooting in 10 ppm doses of IAA and IBA, and there was rooting only in 100 ppm of GA 3 and in 10 ppm of NAA. The highest rooting percentage was in 10 ppm of NAA (94.43%) and in 100 ppm of IBA (93.9%). These va-lues were almost threefold of the rooting percentage obtained in the control group (37.56%). When other characters were examined, the control group was in the first homogeneous group in terms of all traits. That indicates that hormone applications have positive effects on all traits. The highest values were obtained in 100 ppm IBA, in terms of RB and RT; in 100 ppm GA 3 and 100 ppm IBA in terms of RB; and in 100 ppm IAA in terms of RN (Table 1) .
To compare the obtained values with classic rooting trials, the rooting values of the cuttings in the solid rooting media were examined. There were significant differences in RP, RN, RB, and RT of species Ficus benjamina L. cuttings (P<0.05). The highest RP (70.51%) was obtained in the perlite; whereas 53.19% and 39.17% of RP were obtained for peat and sand media, respectively. The highest RB and RT values were obtained in the sand medium (Table 2 ).
There were significant differences among the five groups (IAA, IBA, GA 3 , NAA, and control) in RP, RN, RB, RA, and RT (P<0.05). The highest RP were obtained in 5000 ppm IAA (80.15%) and 3000 ppm IAA (77.21%) applications. The highest two values in terms of the number of roots were obtained in 3000 ppm NAA (9 pcs) and 5000 ppm NAA (7.7 pcs) applications. While the biggest root length values were obtained in 3000 ppm IBA (51.77 mm), 3000 ppm IAA (Table 3) .
The results of low-concentration hormone applications in solid and liquid rooting media are shown on Table 4 . Regarding, rooting percentage, the number of roots, and root thickness, it is clear that these values were quite close to one another, but the biggest root height value and the average root height value were quite low in liquid rooting media. Although there were no significant differences between rooting media in RN and RT, there were significant differences in RP, RB, and RA (Table 4 ). The biggest root height value and the average root height value were found to be higher in solid rooting media, while rooting percentage was found to be higher in liquid rooting media.
It is seen that liquid rooting media are more advantageous than solid rooting media in terms of many characters (Table 4). The highest rooting percentage in solid rooting media was 80.15% (5000 ppm IBA (Table 3) , while the highest rooting percentage in liquid rooting media was over 90% (94.43% for 10 ppm NAA; 93.9% for 100 ppm IBA) ( Table  1) . While the biggest number of roots was 9 in solid rooting media (Table 3) , it was up to 10.8 in liquid rooting media (Table 1) . Similar results were obtained in terms of other characters, too. The biggest root height value was found to be 50.05 mm for 3000 ppm IAA in solid rooting media (Table 3) and was found to be 48 mm for 100 ppm GA 3 in liquid rooting media (Table 1) . While the highest RB value was found to be 31.5 mm in 5000 ppm IAA in solid rooting media (Table 3) , it was found to be 35.04 mm in 100 ppm GA 3 in liquid rooting media (Table 1 ). The biggest root thickness value was found to be 1.04 mm in solid rooting media (Table 3) , but it was 0.934 mm in liquid rooting media (Table 1) .
DISCUSSION
RASPRAVA
Various studies on the propagation of Ficus species via cutting have examined the effects of different cutting extracting periods, rooting media, hormone applications, etc. on the rooting of cuttings. Küden et al. (1993) found out that cutting extracting periods, rooting media, and IBA applications affected rooting rates in cuttings, and the rooting percentages varied between 0-90% in their applications. Tekintaş and Seferoglu (1998) conducted rooting trials on Ficus carica in different media and obtained the highest rooting rate in the sand medium (71%). It was followed by peat (31%), pearlite (27%), and soil (25%) respectively. Antunes (1996) examined the effects of different stratification periods, IBA concentrations, and rooting media on the rooting of Ficus carica cuttings and determined that the best root and shoot development was obtained in the cuttings subjected to a dose of 100 ppm of the IBA hormone and planted in sand: soil mixture in the ratio of 1:1 without any stratification. A study was conducted on the propagation of Ficus carica via green cutting. Green cuttings with 2 to 3 leaves exposed to a dose of 1000 to 4000 ppm of the IBA hormone were planted in stream sand, and a rooting of 85% to 100% was obtained (Kai et al., 1997) . In addition, some studies on the propagation of Ficus carica via tissue culture conducted in recent years have yielded favorable results (Demiralay et al., 1998; Günver and Ertan; Kumar et al., 1998; Nobre and Romano, 1998) . However, all of these studies have required more time, labor, materials, and hormones in comparison to the method employed in the present study and do not have success rates higher than the one obtained in the present study.
Many studies have focused on the effects of auxin group hormones on rooting and plant development. Alvarez et al. (1989) examined the effects of IAA and IBA in Malus pumila; Şevik and Güney (2013a, 2013b) examined the effects of IAA, IBA, NAA and GA 3 in Melissa officinalis; Stefancic et al. (2005) examined the effects of IAA and IBA in Prunus spp., and Chhun et al. (2003) examined the effects of IAA, IBA, and NAA in Oryza sativa. The previous studies mostly show that auxin group hormones are influential on rooting. That is consistent with the results of the present study.
Gibberellins are the third most commonly used plant hormones with a share of 17%. The most commonly used commercial gibberellin is GA 3 . It is mostly used for increasing the height of a plant or flower yield (Kumlay and Eryiğit, 2011) . The present study demonstrated that rooting percentage, root height, and root thickness values were 1.5 to 9.9 times higher among cuttings exposed to a dose of 100 ppm of the GA 3 hormone in comparison to the control group (Table 1) . That is consistent with the results provided in the literature, too Guney, 2013a, 2013b) .
CONCLUSIONS ZAKLJUČCI
Liquid rooting media provide bigger advantages in comparison to the conventional applications. They allow monitoring the course of rooting of plants and prevent occupying solid rooting media in vain because plants whose roots have grown enough are taken to solid rooting media. Liquid rooting media also allow producing many plants in a limited rooting area. For example, in the present study, cuttings were placed in solid rooting media at the intervals of 2 cm, and an area of approximately 400 cm 2 was used for 100 cuttings. On the other hand, 20 cuttings were placed in each cardboard cup which had a diameter of almost 6.5 cm in liquid rooting media. An area of nearly 43 cm 2 was used for 100 cuttings. Accordingly, liquid rooting media allow the rooting of the same amount of cuttings as solid rooting media in an area of almost 1/10 of the area used by solid rooting media. Another advantage of the employed method is fewness of the number of materials used. While classic methods require flowerpots and rooting platforms covering wide areas as well as such materials as sand, pearlite, or peat as a rooting medium, the method employed in the present study uses only cardboard cups and pure water and requires smaller amount of hormones. Since the individuals whose root formation has reached the adequate level in liquid rooting media are placed in flowerpots, success rate is close to 100%. Therefore, this method, which is easier and cheaper, can be effectively used in the fields where many individuals such as medical plants, aromatic plants, ornamental plants, and field crops need to be rooted. However, further studies should be carried out to determine the hormone and the concentration that yield the best result for each plant. For instance, 10 ppm NAA should be preferred when high rooting rate is requested; 100 ppm IAA should be preferred when a big amount of root formation is requested; and 100 ppm GA 3 should be preferred when long root is requested.
